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I, MiCHABL MUJZESZ SZWAKC, a 

Pal^stmian Citizen, of 33, Eing's Road, 
Prestwidx, Mancliester, do hereby declare 
tke nature of this iitvention to be as 
follo-wrs: — 

This invention relates to the production 
of new polymers. 

In accordajLce with the invention new 
polymers are produced by the pyrolysis of 
the vaponir of a mono- or polycyclic 
aromatic compound having two substi- 
tuted methyl groupsi in the 1:4 or para 
positions and the subsequent cooling of 
the resiulting vapours. Example of com- 
pounds which may be used in this pro- 
cess ai-e para-xylene and 1:4 dimethyl 
naphthalene. The invention al^o includes 
the new polymers produced bv this 
process. 

Thus in actiordnnee with the invention 
a new pol3rmer is produced by the pyro- 
lysiiB of para-xylene vapour and the cool- 
ing^of the pyrolysed vapours. 

The pyrolysis should be carried out 
under suoh conditions lliat the pressure 
exerted by the vaxxmr of the aromatic 
compound is below atmospheric pressure 
and preferably below 20D mm. mercury! 
aiiis may be achieved by diluting- the 
30 yjipour of the aromatic compound with an 
inti-t carrier gas Jiuch a.^ nitrogen so as 
t(k maintain a low partial pressure of the 
nromalic compound or by working xmder 
reduced pressure, 
35 The pyrolysis of i^ai-a-xylene vapour in 
occordance with the invention is carried 
out at a temperature of from 700' C» to 
1000° C. and preferably of from 750° C. 
to 900* C. and the vapour is subjected 
40 to this iemperatiTO for fi-om 0.05 to 10 
seconds and preferably for from 0.3 to 
1 second. 

Experiments carried our by reacting 
the pyrolysed vapours of para-xylene 
with iodine vapmir have shown that para- 
xylylene-di-iodide (CK.l.CR^.CE.l) is 
formed. This would indicate that the 
radical CH-.OcH^-CH. exists in the 
vapour phase in^ the^ pyrolysed vapours. 
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probably in the f cjrm 
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CHg =^ ^= CH2 



ajid is the monomer of the product 
obt^ned from para-xylene by the process 
ox tJie invention. 

The temperature to which the monomer 55 
vapour formed by the pyrolysis should be 
nooled far polymerisation to take place 
depends on the vapour pressure of the 
monomer m the gaseous phase. This 
t^mperatui-e should be such that the corre- 60 
spending saturation pressure of the 
raonomer vapour is less than the partial 
vapour pressure of the monomer in the gas 
stream. Polymerisation takes place 
«?pont;ineously on condensation of the 65 
polymer. Tiie condensation and conse- 
qucnt polymerisation may take place in 
successive stages at progressively reduced 
temperatures. 

In one example of the i>rooess of the 70 
invention, para-xylene vapour at a pres- 
sure of 4 to 10 mm. mercury was passed 
through a tube heated to 860' G. at such 
a rate that the vapour was subjected to 
this temperature for from 0.3 to 0.8 75 
seconds. The vapours leaving the tube 
were jmssed into a trap in which they 
were cooled to 0" C. in contact with a cold 
surface on which the polymeiised pro- 
tluct was deposited in the form of a white 80 
occasionally transparent film. ' 

The yield of polymer w;is 12% by 
v,e'igU of the para-xylene treated, 
bnconvei-ted para-xylene was also con- 
deused in the trap. 

The polymer produced from para- 
xylene 3n accordance with the invention 
is insoluble m boiling benzene op toluene 
re>'istant to sulphuric acid at 100' C. and 
has great thermal stability. It does not 
soften when heated up to 175" O. 

Dated this 19th day of September, 1947 
N. GAVRON, 
Agent for tht^ Applicant. 
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COMPLETE SPEGiriCATION 
The Production of New Polymers 



I, Michael Mojzesz Szwarc, u, 
Paiestijiiuu Citixen, of 3-^, King's EoiuK 
PiestAricJi, Mancher^ter, do hereby declure 
the nature o£ this invention and in v/hat 

5 uionner the 5ame is to he performed, to 
be particularly described and ascertained 
in and by the following statement; — 

This invention relates to the production 
ot* new and useful polymers. 

10 Thc^ invention consists in a process for 
the production of a solid polymer in whieli 
the vapour of an aromatic hydrocarbon 
having: single benzene nucleus or two 
(•ondensed benzene nuclei in the molecule 

15 and having two methyl gi'oups substiiutt»d 
in the para positions of onei benzene 
nucleus, is pyrolysed by being .subjected 
t«> a t4»mperature Ijetween 700 and 1000' 
C. for not more than 10 seconds and the 

20 resulting: vapours are cooled to a temjieru- 
tnre at which a solid polymer If deposited. 

The invention also c»nsi:;t5 in a ijrocifss 
for the production of a solid polymer in 
which the vapour of para-:xylene is. pyro- 
25 lysed by being* subjected to a tempera- 
tiire between TOO and 1000'' C. lor not 
iuoi*e than IQ seconds and the resulting- 
vapours are cooled to a temperature at 
which a solid polymer is deporsited. 

30 The invention also consists of a process 
for the production of a solid polymer in 
which the vapour of 1.4 dimethyl 
naphthalene is pyrolysed by bein^ sub- 
jected to a temperatiure between 700 and 

36 lOOO'C. for not more than 10 seconds and 
the resulting vapoui'S are cooled to a tem- 
perature at which a solid polymer is 
deposited. 

The pyrolysis <tei) of the process of the 
40 invention is preferably carried out by sub- 
jecting the vapour of the aromatic hydro- 
carbon to a temperature between 700 and 
1000' C. for from 0.1 to 1 seconds. The 
temperature of pyi-olysis is preferably 
45 between 700 and 900** C. 

llig'k pressures e.g. pressures above 
about 3 atm.ospheres should be avoided in 
carying out the process of the invention. 
Pref ei-ably the pressure exerted by the 
50 vaopur which is subjected \.o pyrolysis is 
in the region of atmospheric, pressure or 
below. The vapour subjected to pyro- 
lysis may be diluted with an inert cpnier 
gas sucli as nitrogen or carbon dioxide in 
55 order to maintain a low partial vapour 
pressure of the aromatic hydrocax'bcn. 

Experiments carried out by reacting 
the pyrolysed vapours of para-xyleue with 
iodine vapour have resulted in the produc- 
60 tion of para-xylylene di-iodide - 
(CH,I.C,H..CHJ). 



This indicates that the radical 

CHj . Hi , CH J 
exist.- in the vapoiu* pixu<e in the pyro- 
lyseii v;ip(»ur:j and it ai peais that this 65 
radical 3s the luononier ot the polymer 
ubluined by applying the process oi the 
invention lo ijara -xylene. The ratio of 
carbon to Jiydrogen in the i>olyiuer as 
determined by analysis confirniri tiiis view. 70 

Similar experiments carried out with 
the pyrolysed vapoui% of 1.4 dimethyl 
naphtlialene show tiiut the monomer 
(existing in the vapom* phase; of the 
polymer obtained in tiiis case consists of 75 
uapiithaiene with tAvo VAV^ groups substi- 
tuted in the 1,4 positions. 

Polymerisation takes place sjion- 
taneously on condensation oi the nionomei* 
\apour hy cooling. Tiie tooling may 80 
take place in contact witU a cuul s^uriace 
on which the polymer is deposited in the 
tunn of a film. 

Broadly i^tated, tiie recuiring units or 
monomers of the polymers inodnced by 85 
the x>roce::S ot the invention are coni- 
pt-unds ^which apparently exist in the 
vapoiu' phase oniy> having one ben;:ene 
nucleus or tuo conde]ised benzene nuclei 
in the niolecide uud having two Oil.: 90 
groups substituted in tlie paiu positions 
of one benzene nucleus. It is possible 
that some cross-linking may occur in the 
polymers although the X-ruy putteim ot 
the poiymer.-^ produced show no dehnite 5>5 
evidence of such cross-linking. 

The invention also consists in the 
polymers produced by the processes 
. referred to above. 

The temperature to which the monomer 100 
vapoiu- foi-med by pyrolysis sho\ild he 
cooled for condensation and pchTuerisa- 
tion to take place can easily be determined 
by experiment. It depends on the partial 
vapour pres.?ure of tlie mtinome: in the 105 
gas phase. The upper limit increase^ 
\dth increasing partial vapour pressure. 
Generally speaking,, the operative tem- 
perature' i-ange tor <.*oi)ling will Ik^ 
between room tempei-ature and -80' C. HO 
thougli higher tomperatui'es may be 
found effective with hi«?h palatial preftsurt-s 
of the monomer. 

Condensation and polymerisation may 
take place in successive stages at progres- 115 
sively reduced temperatures, that is the 
vapoui-s leaving the first- condensation and 
polymerisation" .stage are further ci>oled to 
condense and iiolymerise a further por- 
tion of the rpsidual monomer vapour and 120 
so on. 

Following are examples of procease' for 
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the productioa of new palymers in aceox- 
clauce with, the invention: 

Para-xylene vapoxir at a pressiu-e of 8 
5 to 10 mm. H^. was passed through a tube 
iicated to C. at such a rate that the 
vapour was subjected to this tempeiuture 
for from 0.3 to U.4 seconds. The vapours 
leaving the tube were parsed into a trap 
10 in which they were cooled to 0** C. in con- 
tact with a cold stirface on which the 
polymerised product waa deposited in the 
form of a white occasionally transparent 
lilm. 

16 The yield of polymer waa approxi- 
mately 12% by weigrht of tiie parar-xylene 
treated. Unconverted para-xylene was 
also condensed in the trap. 

ExAaipi/E 2. 

20 Para-xylene vapoui- at a pressure of 
160 mm. Rg. was pas-sed through a tube 
heated to S20' C. at such a rate that the 
vapour was subjected to this temperature 
for about 0.1 :ieconds. The vapours leav- 

25 ing- the tube were cooled to room tempera- 
im-e and the polymerised product was 
deposited. 

The polymer was in the form of a ^l-m 
similar to that obtained in Example 1 

CarboBrdioxide at atmospheric pressure 
was bubbled through liquid i>ara-xylene 
iuaintained at 100' C. tiy take up para- 
xylene vapour so that the partial pressure 
85 of the latter in the mixture was about 
100 mm. Hg. The mixture of carbon- 
dioxide and vapour was then passed 
through a tube heated to 800" O. at such 
ft rate that it ivas subjected to» this tem- 

40 peratui^e for 1 second. The gaseous mix- 
txire leaving the tube wasi cooled to room 
temperature in a trajj in which the 
polymer was deposited in the foam of a 
white occasionally transparent film. 

45 Example 4. 

1.4 diraetliyi naphthalene vapour at a 
pressure of about 10 mm. Hg. was passed 
through a tube heat«d to 860* 0. at such 
a rate that the vapour was subjected to 

50 this temperature for from O.S to 0.4 
seconds. The vapours leaving the tube 
were passed through a trap in which they 
were cooled to room temperature. The 
polymerised product was deposited in the 

55 trap in the form of a white film. 

All the polymers obtained , in the above 
' examples had great thermal stability and 
did not soften when heated up to a tem- 
prature of 270' C. They were insoluble 

60 in, and also did not swell visibly in, boil- 
ing ethyl alcohol, diethylether, chloro- 
form, xylenes, benzene, toluene, glacial 
aeetic acid. 
Having now particularly described and 

6S ascertained the nature of my said inven- 



tion and in what manner the same is to 
be performed, I declare that what I claim 

is: — 

1. A process for the production of a 
solid polymer in which tiie vapour of an 70 
aromatic hydrocarbon having a s-ingle 
benzene nucleus or two condensed benjsene 
nuclei in the molecule and having two 
methyl groups substituted in. the para 
positions of one benzene nucleus, is pyxo- 75 
lysed by being subjected to a temperature 
between 700 and 1000° C. for not more 
than. 10 seconds and the r^ulting vapoazs 
are cooled to a temperature at which a 
solid polymer is depceited. gQ 

2. A process for tbe production, of a 
solid polymer in which the vapotir of 
para-xylene is pyrolyaed by being sub- 
jected to a temperature between 700 and 
1000** C. for not more than 10 seconds and 86 
the resulting vapours are coded to a tem- 
perature at which a solid polymer is 
deposited, 

3. A process for the production of a 
solid polymer in which the vapour of 1.4 00 
dimethyl naphthalene is pyrolysed by 
being subjected to a temperature between 
700 and 1000° C. for not more than. 10 
seconds and the resulting vapours are 

■ cooled to a temperature at wluch a solid 95 
pohrmer is deposited. 

4. A process as claimed in any of the 
preceding Claims, in which the pyrolysis 
IS earned out with the vapour of aromatic 
hydrocairboii exerting a pressure in lOO 
the region of aimospheric pressure or 
below. 

5. A process as claimed in any of the 
preceding Claims in which the pyrolysis 

is carried out at a temperature between! OS 
700 and 900° C. 

6. A. process as claimed in any of the 
preceding Claims in which the vapour of 
the aromatic hydrocarbon is subjected to 
the temperatme of pyrolysis for from 0.1 HO 
to 1 seconds. 

7. A process as claimed in any of the 
preceding Claims in which after pyrolysis * 
the resulting vapours are cooled in con- 
tact with a cold surface to a temperature 116 
at which the polymer is deposited on the 
said siurface in the form of a film. 

8. A process as claimed in any of the 
preceding Claims in which the pyrolysis 

ia carried out with the vapour of the 120 
aromatic hydrocarbon diluted with an 
inert gas. 

9. A process as claimed in any of the 
preceding Claims in which tie resulting 
vapours are cooled to a temperature 125 
between room temperature and -80" 0. 

10. A process for the production of a 
polymer substantially as aeacribed in any 
one of examples 1 to 4. 

A process for the production of a 130 
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polymer sutsfcantially as hereinbefoye Dated this lOti day of September, 1948. 
dc^donhed* 

12. The polymer produced hy the pro- N. GAVEON, 

cess claimed m any of the preceding Agent for tlie Applicant. 

Claims* 

Lsamingfcss S^a: Pr5-te5 for His licjcaty's Stationery Ofice, hy tha Courier PreaB.— 1Q6T. 
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